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level strategies outside the scope of the present research.
ARCHITECTURAL REQUIREMENTS 
FOR FACADE INTEGRATION 
OF BUILDING SERVICES






POSSIBILITIES & CONSTRAINTS 
FOR FACADE INTEGRATION
FIGURE 1.1  Main structure and focus of the research project
§  1.3 Research objectives and questions





















To what extent can solar cooling technologies be integrated into the building envelope, 
in order to meet local thermal requirements through climate responsive integrated 
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for the evaluations carried out in the third part.



















§  1.5 Research impact
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2 Research overview of cooling 
in office buildings


































































































































































§  2.2 Material and methods: review of journal articles from 1990 to 2014.








TYPE OF SEARCH TITLE / ABSTRACT / KEYWORDS
PUBLICATION DATE > 1989








* Considering only single-effect absorption chillers
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Monitoring Simulation Laboratory Cost Survey





























































































FIGURE 2.11  Heat prevention strategies in journal articles.
Passive heat dissipation strategies have also been researched in the recent years, 





































































Ventilation (All) Single/cross vent Buoyancy Night ventilation Evaporative Ground
























































































































































































































































2.5- kW 19 – 
1,000 kW












- - - - - -
 TYPICAL COEFFICIENT OF PERFORMANCE (COP)
CLOSED CYCLE ABSORPTION* 0.6-0.7 0.6-0.75 0.6-0.75 0.6-0.75 0.6-0.78 0.5-0.7
ADSORPTION 0.55-0.65 0.5-0.7 0.5-0.7 0.5-0.7 0.5-0.6 0.5-0.65
OPEN CYCLE SOLID  
DESICCANT
- 0.5- >1 0.5- >1 0.5- >1 - 0.5-1
LIQUID  
DESICCANT
0.5 >1 - >1 - 1
* Considering only single-effect absorption chillers






























































§  2.4.1 Research trends





















§  2.4.2 Knowledge gaps







Technological development: performance and application of less explored systems. An 
obvious gap is seen in the lack of articles addressing some specific cooling strategies, 
such as the use of thermal mass, evaporative and ground cooling, when comparing 
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 63 Solar cooling integrated facades
3 Solar cooling integrated facades









cooling façade modules for high-performing commercial buildings. So, what are the 






















































































































































































Decentralised façade services (Herzog et al. 2004)
Hybrid façade (Knaack et al. 2007)
Integrated façade (Knaack et al. 2007)
Service integrated façade (Ebbert 2010)
Advanced façade (Selkowitz et al. 2001; Warren 2003)
High performance façade (Lee et al. 2002)
Intelligent façade (Compagno 2002; Wigginton et al. 2002)
Adapve façade (Knaack et al. 2007)
REGULATORY DRIVEN FAÇADE CONCEPTS



















§  3.3 Solar cooling technologies for façade integration
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ENERGY INPUT ENERGY CONVERSION TECHNOLOGIES
















SOLAR THERMAL PROCESSES 
- HEAT




Air systems Flat plate collectors
TOC







































ENERGY INPUT COOLING PRINCIPLE COOLING TECHNOLOGIES WORKING MATERIALS









SOLAR THERMAL PROCESSES 
- HEAT
Sorption cooling Absorption heat pump Lithium-Bromide/water, 
Lithium-Chloride/water 
Adsorption heat pump Silica gel, zeolites







































































































































































































































 79 Solar cooling integrated facades
TABLE 3.3 Available cooling distribution technologies.
COOLING DISTRIBUTION
TRANSFER MEDIUM COMPONENTS - TRANSPORT COMPONENTS - DRIVER
AIR-BASED SYSTEM Air ducts Fans









































DELIVERY MEDIUM DELIVERY TECHNOLOGIES





















 81 Solar cooling integrated facades
1 2    3  (A)    4 1 2        3    (B)4 1 2        3      (C)5
OUT OUT OUTIN IN IN









































































































SOLAR ELECTRIC PROCESSES - ELECTRICITY

















































as façade systems which comprise all necessary equipment to self-sufficiently provide 







































 85 Solar cooling integrated facades
TABLE 3.5 Review of solar cooling integrated façade concepts.


















































































































































































































































































































































































 89 Solar cooling integrated facades
a. Building structure



















































































































































































































































§  3.4.2 Solar cooling integrated façade concepts: categorisation 








































SOLAR ELECTRIC PROCESSES - ELECTRICITY








































































 95 Solar cooling integrated facades
Regarding cooling distribution technologies, most façade concepts employ air as heat 
transfer medium (6 out of 11). This decision makes sense in the context of façade 
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4 Streefkerk 
(2011)
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5 Chan et al. 
(2012)
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(2014)
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4 Design and construction 
requirements for façade 
integration of building services






within the façade development process, aiming to identify the main perceived problems 
































































































Decentralised service module 
for heang, cooling, venlaon 




Decentralised venlaon unit 
for pre-heated or cooled fresh 
air supply.  System installed on 

































































































































































































































































































§  4.3 Results and discussion




































































































































































































































































































































































































































































































































































these issues were not perceived as relevant as others previously discussed.
























































































































































































 PROCESS RELATED PROBLEMS


















•  No integral vision rul-
ing the development 
process.  Common 












•  Additional planning 
effort
•  Building services are 
addressed too late 
in the design and 
decision making 
process.
•  Higher perceived cost 
of integrated facades
•  Difficulty for the 
 designer to prove 
return of investments 
on the long term.













































within the production 
and supply chain.
•  Façade assembly 
















during design stages 




•  Refrain of respon-
sibility from façade 




















•  Need for installers 
with multifunctional 
skills and experience 
to supervise the 
assembly process.
•  Transportation and 













•  Projected costs do 
not usually match 
real assembly costs 




























































•  Multifunctional 
performance of the 
façade  component 


































nents for an easy 
 integration.
•  Multiple connections 
to solve and different 
materials to consider.


















weight issues of 
the services to be 
integrated.
•  Need to account for 
tolerances between 
components.
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This chapter identifies perceived barriers for widespread façade integration of solar 
technologies, to explore the current scenario and generate guidelines for future 
developments. To achieve this, the chapter discusses the results of the second part of 

















































































§  5.2 Methodology










































































§  5.3 Results and discussion


































§  5.3.1 Main perceived barriers to promote widespread 





























































































































































































































































































Develop array of 
products designed for 
integration
Improve/consider 










gies and end-of-life 
 solutions
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Exploring the performance limits of passive cooling 










This chapter explores the impact of selected passive cooling strategies in commercial 
































































































































PASSIVE COOLING DESIGN STRATEGIES PASSIVE COOLING SYSTEMS
AIR AS HEAT SINK SKY AS HEAT SINK




HEAT DISSIPATION SYSTEMSHEAT AVOIDANCE STRATEGIES
















































c. Santamouris & 
Asimakopoulos (1996)
d. Geetha & Velraj (2012)
e. Samuel et al. (2013)








































evaluation stage are presented separately.





















































BASIC INFORMATION PASSIVE COOLING STRATEGIES









(Assem & Al-Mumin, 2010) BWh  
(Aste, Compostella, & Mazzon, 2012) Cfa  
(Bahaj, James, & Jentsch, 2008) BWh  
(Baldinelli, 2009) Csa  


















(Hwang & Shu, 2011) Am   
(Ji, Lomas, & Cook, 2009) Cfa 
(Kolokotroni & Aronis, 1999) Cfa 
(Lau, Salleh, Lim, & Sulaiman, 2016) Af  
(Lee, Jung, Park, Lee, & Yoon, 2013) Af/Cfa 






(Pino, Bustamante, Escobar, & Encinas, 2012) Csb   
(Roach, Bruno, & Belusko, 2013) Csa 
(Samaan, Farag, & Khalil, 2016) BWh    






BASIC INFORMATION PASSIVE COOLING STRATEGIES








































































































































COOLING STRATEGY SIMULATED PARAMETERS
0 1
Shading NO Dynamic exterior shading (high reflectivity slats) on operation over 
100 W/m2 of solar irradiance on facades.
Glazing size (WWR) 100% 25%




SIMULATED SCENARIOS PER 
CLIMATE
PASSIVE COOLING STRATEGIES
Shading Glazing size (WWR) Glazing type Ventilation
No strategies applied 0 0 0 0
Only shading applied 1 0 0 0
Only WWR applied 0 1 0 0
Only glass type applied 0 0 1 0
Only ventilation applied 0 0 0 1
All strategies applied 1 1 1 1
No shading applied 0 1 1 1
No WWR applied 1 0 1 1
No glass type applied 1 1 0 1
No ventilation applied 1 1 1 0
TABLE 6.4 Representative cities per climate group.
CLIMATE GROUP CITY CDD (26 °C)
Desert Riyadh 1583
Tropical Singapore 992
Temperate humid Hong-Kong 602
Temperate dry Athens 212
Temperate humid Trieste 88
Temperate dry Lisbon 69
TOC
 155  Climate responsive façade design
§  6.3 Results and discussion
§  6.3.1 Definition of performance ranges for passive cooling strategies: 















STRATEGIES WARM DRY WARM HUMID
N Mean Median Minimum Maximum N Mean Median Minimum Maximum
Shading 84 26% 25% 4% 93% 57 28% 24% 5% 56%
Glazing size 
(WWR)
44 34% 34% 2% 76% 27 18% 14% -2% 44%
Glazing type 54 22% 15% 1% 70% 51 12% 10% 1% 40%















































































































































































































setpoint of 25 °C.












































Hot desert (BWh) UAE IES-VE Isolated office room with clear 
double glazing, WWR of 60% 
and a temperature set-point 
of 24 °C.  South, west and east 




























Evaluation of horizontal and 











dow with and without reveal 
were used as base scenarios.



















The evaluation considered 
blinds at west and east orien-










north, south and west. Clear 
single glazing and 50% WWR 
is considered. Operative tem-
perature is set to 23 °C.
Shading devices evaluated 



















east and west orientations, 
with low-e double glazing 
and 50% WWR.  Temperature 



















conducted for all four orien-


















































activated when incident solar 
radiation on vertical plane ex-



























































































































































venetian shading. Evaluations 
per orientation with T° com-









































































no shading and the use of 
overhang or louvres in north, 











ing north, south and west ori-

































east and west, with low-e 
double glazing and 50% WWR. 
External venetian blinds are 









































































































































no shading.  Orientations were 
evaluated separately. T° com-
fort range set at 20-26 °C.
Evaluation of an optimised 




(Hamza, 2008) Hot desert (BWh) EGYPT IES-VE Office room with clear single 
glazing and 40% WWR.  All 





























cording to Hong Kong guide-
lines. Clear double glazing on 
windows, 36% WWR and no 
shading. T° set at 25 °C.
Clear double glass low-e and 






















No shading and the use of 
egg-crate, horizontal and ver-
tical louvres were considered.  











































per glass pane are used as 
shading device.































louvres in north, east and west 
orientations, or no shading at 
all; and clear single and clear 
double glazing as base case.











ing north, south and west ori-




















and no shading.  Operative 
temperature setpoint set at 
24 °C. 
































































































































































undisclosed glazing type and 
no shading.  T° comfort range 



















































Evaluation considered natural 



























internal heat gains separately.



















shading. T° setpoint of 26 °C, 
infiltration rate of 0.2 ACH and 
natural ventilation rate of 1.7 
ACH during working hours.






































low-E glazing, undisclosed 
WWR and shading. T° comfort 






















at 24 °C and internal heat gain 
values of 20, 30, 60 W/m2.

















no shading. Occupancy gains 
of 8 W/m2. No internal heat 
gains and 40 W/m2 heat gains 
analysed separately.  Mini-
mum air supply for air quality.
Night ventilation consider-







Hot desert (BWh) EGYPT Energy 
Plus
Rooms at an University Cam-
pus, facing north, south and 
west, with clear single glazing 
and 50% WWR. Operative T° 
is set to 23 °C. High occupan-
cy (2.5 m2/person) and base 
ventilation of 10 l/s.
Application of night venti-
lation and minimisation of 









































Hot desert (BWh) IRAN Energy 
Plus
Isolated south facing room 




range of 21-28 °C.
Mechanical night ventilation 
(00:00 - 07:00), automatically 
operated if outside T° is lower 
than setpoint.  Several ven-












no shading. Internal heat 
gains of 16 W/m2 and opera-
























































5 10 15 20 25 30
0
FIGURE 6.8  Relation between cooling demand savings and 
reported ventilation rates used in the evaluations.
§  6.3.2 Impact of the evaluated strategies under a controlled 


























































Cases without any strategy




































































































SCENARIOS CODE AVG COOLING DEMANDS ENTIRE FLOOR (KWH/M2 YEAR)
RIYADH SINGAPORE HONG KONG ATHENS TRIESTE LISBON
* No strategies 0000 288.36 366.73 234.12 181.75 108.27 168.20
Only Shading 1000 157.06 261.00 157.37 83.01 53.22 61.90
Only WWR 0100 138.76 242.06 152.31 84.08 53.63 72.78
Only Glass type 0010 157.12 252.77 150.77 81.09 49.91 58.15
Only Ventilation 0001 186.21 407.93 252.01 126.90 87.26 98.59
+ All strategies 1111 91.43 246.83 158.75 56.05 41.01 33.57
No Shading 0111 91.44 240.78 154.90 54.51 38.92 31.73
No WWR 1011 112.85 264.71 165.03 61.45 42.92 36.31
No Glass type 1101 90.93 241.82 154.08 54.48 38.97 31.84




















































































strategies. This suggests an order for the application of passive cooling strategies, 
starting from heat prevention through a careful design of the building envelope, and 
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7 Solar cooling evaluation – 
Façade integration
State-of-the-art solar cooling technologies and 




environment remains greatly limited. Hence, this chapter seeks to assess their potential 
for widespread application, identifying possibilities and current bottlenecks for the 











































that of CO2 (EIA, 2015; IPCC/TEAP, 2005). As a result of the Kigali amendment to the 
Montreal Protocol, signed in 2016, the use of these substances will be also phased 















































































The review does not consider a detailed description of the cooling principles and 
processes behind each technology, having been extensively described on the literature 




































































































































BARRIERS DESCRIPTION SCORE VALUES






This considers functional and 


































































































































§  7.3 State-of-the-art review of solar cooling technologies 
on key aspects for façade integration










































SOLAR COOLING ADVANTAGES DISADVANTAGES






































capacity of silica gel is low while zeolites 





















§  7.3.1 Thermoelectric cooling






































































§  7.3.1.2 Complexity of systems and components









































Ibanez-Puy et al. (2018)
Cooling capacity: 0.5-0.6 kW 
Experimental COP: 0.66-0.78
FIGURE 7.2  Thermoelectric cooling façade prototype developed by Ibanez-Puy et al. and general thermoelectric cooling principle.


















§  7.3.1.3 Cooling system operation



































§  7.3.2 Absorption cooling





























































§  7.3.2.2 Complexity of systems and components





























































Avesani et al. (2016)
ETC Integrated sorpon unit











SORPTION TUBES TECHNOLOGY PRINCIPLE
ABSORPTION MODE DESORPTION MODE
















§  7.3.2.3 Cooling system operation


































































§  7.3.3 Adsorption cooling





































§  7.3.3.2 Complexity of systems and components
























Luo et al. (2010) Design and construction of a  silica gel/water chiller powered by 49.4 m2 of evacuated 
tubes collectors.  Experimental results of max. cooling power of 4.96 kW and a peak 































































Bakker et al. (2010)
Small-scale heat pump
Cooling capacity:  2.5 kW 
Experimental COP: 0.45
De Boer et al. (2009)
AC unit for car applicaons
Nominal capacity:  1.5 kW



























§  7.3.3.3 Cooling system operation
Health, safety and comfort issues























to allow for continuous operation.



























§  7.3.4 Solid desiccant cooling






































§  7.3.4.2 Complexity of systems and components








































































Finocchiaro et al. (2016)
Rooop prototype















































§  7.3.4.3 Cooling system operation






















































§  7.3.5 Liquid desiccant cooling
















































§  7.3.5.2 Complexity of systems and components








































































hot dry air from solar sys
regenerated desiccant soluon
desiccant soluon from tank
water permeable / desicc 
resistant membrane
Elmer et al. (2016)
Cooling power: 0.57-1.36 kW







































§  7.3.5.3 Cooling system operation



































































































































































































































































































































§  7.4.5 Aesthetics & Availability
Aesthetics is a highly complex topic of discussion not only regarding façade integration, 
but in architecture and the arts in the wider sense, opening different trends of thought 






















§  7.4.6 General assessment: charting a roadmap for the 
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plug & play systems 
for façade integra-
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Size reduction of 
components for de-
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& play systems.




















































SOLAR ELECTRIC PROCESSES - ELECTRICITY







































































(a) Integral building components
(b) Modular plug & play systems
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8 Solar cooling evaluation –
Climate feasibility






assessment of application possibilities by exploring the feasibility of solar cooling 
























































































§  8.2 Strategy and methods: experimental setup and 


























CITY LATITUDE/LONGITUDE CLIMATE ZONES CDD (26 °C)







Singapore 1.37 / 103.98 Tropical rainforest (Af) 992
Hong-Kong 22.30 / 114.17 Humid Subtropical (Cwa) 602
Trieste 45.65 / 13.75 Humid Subtropical (Cfa) 88
TOC
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a reduced window-to-wall ratio, the application of sun shading, solar control glazing and 







SIMULATION PARAMETERS ALL OTHER LOCATIONS SINGAPORE & HONG KONG
Office dimensions 4.0 x 4.0 x 2.7 m (width x depth x height) + plenum of 0.7 m




Ventilation (hygienic purposes) 10 L/s per person

























ORIENTATION BASE CASE 
(NO PASSIVE 
STRATEGIES)
















South 298.92 92.67 1.19 11.69
West 336.43 95.11 1.23 12.26
East 342.14 91.56 1.21 12.26
North 175.93 84.36 1.16 11.34
Athens August
3-9th
South 231.28 56.00 1.10 10.95
West 190.69 57.02 1.10 11.27
East 210.57 54.70 1.08 10.94
North 94.44 50.21 1.03 10.25
Lisbon July
15-21st
South 224.37 33.01 0.92 7.73
West 148.25 33.13 0.91 7.86
East 227.47 33.56 0.90 7.72
North 72.72 27.65 0.85 7.27
Singapore June
4-10th
South 334.30 223.96 1.59 14.11
West 385.16 228.49 1.64 14.38
East 398.33 219.72 1.59 13.82
North 349.13 215.12 1.57 13.72
Hong Kong July
22-28th
South 246.53 143.99 1.61 13.76
West 255.69 144.34 1.67 14.15
East 247.97 135.87 1.62 13.77
North 186.29 130.87 1.57 13.38
Trieste July
20-26th
South 140.68 40.74 1.26 9.75
West 110.38 41.12 1.26 9.88
East 115.28 37.87 1.22 9.51












solar irradiance per orientation at each selected location.
§  8.2.2 Solar cooling output (SCOOLout) and boundary conditions for the assessment
The cooling output (heat removed by the solar cooling system) is theoretically 
calculated through the simplified equation below (eq. 8.2), where SOLinput refers to the 
availability of solar radiation on a specific location/orientation, SOLarray refers to the area 
destined for collection, and COPsolarsys refers to the efficiency of the system implemented 
for said collection, either PV-panels or solar thermal collectors for electricity and heat 























MONTH DAILY AVG SOLAR IRRADIANCE IN 90° TILTED PLANE (KWH/M2/DAY)
SOUTH WEST EAST NORTH
Riyadh 24.70 / 46.73 July 1.71 3.62 3.75 2.02
Athens 37.90 / 23.73 August 3.49 3.43 3.47 1.50
Lisbon 38.72 / -9.15 July 2.87 3.47 4.68 2.08
Singapore 1.37 / 103.98 June 1.51 2.28 2.19 2.72
Hong Kong 22.30 / 114.17 July 1.35 2.40 2.46 1.64

















































































ENERGY INPUT COOLING TECHNOLOGIES GENERAL COPCOOLSYS COP 0.5 - 5 KW
Solar Electric Thermoelectric cooling - 0.66 - 1.15
Solar Thermal Absorption cooling 0.50 - 0.75 0.23 - 0.78
Adsorption cooling 0.50 - 0.70 0.12 - 0.63
Solid desiccant ccoling 0.50 - 1.00 0.20 - 1.25





















§  8.3 Results and discussion
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SOLAR COOLING LOCATION REQUIRED MINIMUM COPCOOLSYS FOR SF=100%





Riyadh 4.36 2.17 2.09 3.59
Athens 2.01 2.10 2.02 4.37
Lisbon 1.72 1.45 1.05 2.24
Singapore 5.99 4.04 4.04 3.23
Hong Kong 6.50 3.78 3.58 5.21





Riyadh 1.54 0.77 0.74 1.27
Athens 0.71 0.74 0.71 1.55
Lisbon 0.61 0.51 0.37 0.79
Singapore 2.12 1.43 1.43 1.14
Hong Kong 2.30 1.34 1.27 1.84




























































hand, largely depends on each orientation and location. The graphs in Figure 8.4 show 
the relation between solar irradiance on a exposed plane facing all orientations, and 
the tilt of said plane referring to the horizontal; on every addressed location. The graphs 




















































































































was considered by assuming a lower COPsolarsys in the calculations.
TABLE 8.7 Reference COP values for solar array and solar cooling systems used in the assessment.
SOLAR COOLING TECHNOLOGIES COPSOLARSYS COPCOOLSYS
Thermoelectric (TE) 0.23 1.15
Sorption (ABS-ADS) 0.55 0.75




























A (%) B (%)
SOUTH WEST EAST NORTH SOUTH WEST EAST NORTH
Riyadh TE 26 53 55 32 40 80 82 48
ABS/ADS 41 83 86 50 62 124 129 75
SDEC/LDEC - - - - - - - -
Athens TE 57 55 57 26 86 82 85 39
ABS/ADS 89 85 89 41 134 128 133 62
SDEC/LDEC 176 168 175 81 264 252 263 121
Lisbon TE 67 80 109 51 100 119 164 77
ABS/ADS 104 124 170 80 156 186 255 120
SDEC/LDEC 205 244 335 158 307 366 503 237
Singapore TE 19 28 28 36 29 43 43 53
ABS/ADS 30 44 44 56 45 67 67 83
SDEC/LDEC 59 87 88 110 88 131 131 164
Hong Kong TE 18 30 32 22 27 46 48 33
ABS/ADS 28 47 50 34 41 71 75 52
SDEC/LDEC 54 94 99 68 82 140 148 102
Trieste TE 52 51 53 34 79 77 80 50
ABS/ADS 82 80 83 52 123 120 124 79





















C (%) D (%)
SOUTH WEST EAST NORTH SOUTH WEST EAST NORTH
Riyadh TE 70 79 81 80 59 92 95 70
ABS/ADS 109 123 127 124 92 143 148 110
SDEC/LDEC - - - - - - - -
Athens TE 96 77 80 42 108 94 98 40
ABS/ADS 150 120 125 66 168 146 152 63
SDEC/LDEC 296 237 247 130 331 288 300 124
Lisbon TE 126 113 145 95 132 136 182 84
ABS/ADS 197 177 226 148 205 212 284 131
SDEC/LDEC 388 348 445 292 404 418 560 259
Singapore TE 26 41 41 53 31 49 49 63
ABS/ADS 40 64 64 83 48 76 76 99
SDEC/LDEC 80 127 127 163 94 150 150 195
Hong Kong TE 39 45 47 46 36 53 56 45
ABS/ADS 60 69 73 72 56 82 87 71
SDEC/LDEC 119 137 144 141 109 162 171 139
Trieste TE 85 72 75 51 97 87 91 54
ABS/ADS 132 113 117 79 151 135 141 84





















CLIMATE ZONES LOCATION RECOMMENDED SOLAR COOLING 
TECHNOLOGY









































































































































































§  9.2.1 Sub-questions
What is the available knowledge on façade related cooling 































What are the conceptual issues and state-of-the-art components and 



































What are the main perceived problems for building services integration in 






























What are the main perceived barriers for façade integration 
of solar collection technologies? (Chapter 5)




















What is the potential impact of the application of passive cooling strategies on the 

































What are the current possibilities and technical barriers for the architectural 


























What is the potential for the application of self-sufficient solar cooling 
façades in different warm climate contexts, and what is the impact of 






































§  9.2.2 Main research question
To what extent can solar cooling technologies be integrated into 
the building envelope, in order to meet local thermal requirements 
through climate responsive integrated façade units, as an alternative to 













































































BARRIERS FOR FACADE INTEGRATION OF 
SOLAR COLLECTION TECHNOLOGIES (PV & STC)
BARRIERS FOR WIDESPREAD






SOLAR COOLING TECHNOLOGIES         CLIMATE CONTEXTS                             PRODUCT INTEGRATION BARRIERS
TE: Themoelectric cooling           HOT-ARID (deserc)      TF: Technical feasibility
ABS: Absorpon cooling           HOT-HUMID (tropical)      PI: Physical integraon
ADS: Adsorpon cooling          TEMPERATE-DRY (mediterranean)     D&M: Durability & maintenance
SD: Solid desiccant + evap cooling         TEMPERATE-HUMID (sub-tropical)     P: Performance
LD: Liquid desiccant + evap cooling        A&A: Aesthecs & availability
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§  9.3 General conclusions






































































































However, this is regarded as a potential alternative to cope with the situation and not 
a definitive solution to the problem. Furthermore, the climate feasibility assessment 















































 – A)  Architecture
 – B)  Engineering
 – C)  Material Science
 – D)  Other: ______________________________________
2.  Which alternative represents the role that you have mostly taken within façade 
development processes?
 – A)  Architect / Façade Consultant (Designer)
 – B)  Façade builder
 – C)  System supplier
 – D)  Other: ______________________________________
3.  How many years of experience do you have in the field?
 – A)  Less than 5 years
 – B)  Between 5 to 20





 – A)  YES
 – B)  NO
























VARIABLES NOT RELEVANT RELEVANT HIGHLY RELEVANT
AESTHETICS - - -
PERFORMANCE - - -
COST - - -
TECHNICAL FEASIBILITY - - -
USER CONTROL & INTERACTION - - -
OTHER: - - -
7.  What are in your opinion the main problems associated with building services 



















III. INTEGRATION OF SOLAR TECHNOLOGIES IN THE BUILDING FAÇADE
10.  Have you had practical experience integrating any of the following solar 
technologies in façade systems? (you may check more than one alternative)
 – A)  YES, I have worked with integrated solar thermal collectors in façade systems
 – B)  YES, I have worked with integrated Photovoltaic cells (PV)  in façade systems
 – C)  YES, I have worked with integrated solar cooling technologies in façade systems
 – D)  NO, I haven’t worked with solar technologies.
11.  Do you see potential for developing architecturally integrated façade products 
considering solar technologies?
 – A)  YES
 – B)  NO
 – C)  NOT SURE / If so, why not? ___________________________________________
12.  In your opinion, is there market currently for commercial application of solar 
integrated architectural products?
 – A)  YES

































































































































































































































































































































































































































Energy and Buildings, 29, 141-154. 
Gibson, M. (2008). The Active Thermal Manifold Skin: Feasibility, Prototyping, and Performance Studies of a 
Wall System Integrating Distributed Solid State, Solar Powered Cooling and Heating Technology. Collegue of 
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